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Statement in Support of CASE Report Nonresidential Computer Room Efficiency Code Change
Recommendations, Specific to 1. Increased Temperature Threshold for Economizers

Munters has invented and developed a number of highly efficient cooling, pressure and humidity control
solutions for computer rooms for over two decades. With a continuous focus on sustainability, Munters
Data Centers supports the recommended increase in temperature threshold for 100 percent
economizing to 65°F dry-bulb or 50°F wet-bulb and below for all economizer types in new construction
and concur that current computer room designs include supply air temperatures of 70°F or higher and
achieve 20°F temperature differential, a.k.a. Delta T, between supply and return air through the
prevalent use of containment.

According to highly referenced The Green Grid maps showing available hours of air and water
economizing, California overall is clearly well aligned with air economizing and much less so for water
economizing. Through the use of evaporative cooling, both economizer types can be greatly enhanced in
effectiveness and operating hours to better align with the goals of Title 24 2022.

Recommend Addition of Integrated Refrigerant Economizer in Prescriptive Economizer Types to Air
and Water Economizers

To provide additional context in support of the CASE Report section on Refrigerant Economizers, to
address a concern expressed during the workshop on 9/23/20 that only proprietary equipment is able to
meet prescriptive performance, and to differentiate integrated refrigerant thermosyphon economizer
from integrated pumped refrigerant economizer, we present the following information to support
recommendation to add Integrated Refrigerant Economizer to prescriptive economizer types:

Refrigerant Thermosyphon is a time proven technology for energy recovery and heat rejection:
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https://en.wikipedia.org/wiki/Thermosiphon

Thermosiphon (or thermosyphon) is a method of passive heat exchange, based on
natural convection, which circulates a fluid without the necessity of a mechanical pump.

Thermosyphon has been manufactured and deployed in HVAC applications in general and computer
rooms specifically:


https://en.wikipedia.org/wiki/Thermosiphon
https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Convection
https://en.wikipedia.org/wiki/Fluid
https://www.heatpipe.com/products/hrm-v-split-passive-heat-pipes-series/
https://www.johnsoncontrols.com/hybrid-cooling-systems
https://www.quantacool.com/
https://datacenters.lbl.gov/resources/thermosyphon-cooler-hybrid-system-1
https://www.munters.com/en/munters/products/coolers--humidifiers/sycool-split/

Adding evaporative assist option:

Evap Assist - 75°F SAT / 95°F RAT SanJose  Sacramento  Burbank
N =5, N+1 redundancy 6 units 6 units 6 units
Net system critical capacity (kW) 400 400 400
Net normal operation capacity (kW) 333 333 333
Summer design ambient (°F DB/WB) 104.7/78.8 | 111.1/82.2 | 110.9/82.9
Est. full eco. threshold (°F DB / MCWB) | 73.0/60.6 | 75.0/60.6 | 71.0/60.6
Peak critical mechanical pPUE 1.351 1.360 1.367
Est. annual normal operation pPUE 1.074 1.085 1.105
Predicted annual ton-hours DX 4.2% 8.8% 13.1%
Predicted annual ton-hours Econ 95.8% 91.2% 86.9%
Predicted annual water used (1K gal)* 1,380 2,227 2,621
Total max water usage rate (1K GPH)* 1.68 1.76 1.68

*evaporation & bleed @ 5 cycles of concentration

San Jose with variables in SAT / RAT design criteria, dry and wet:

San Jose - SAT / RAT, No Evap Assist

70°F/90°F  75°F/100°F

N =6, N+1 redundancy 7 units 6 units
Net system critical capacity (kW) 333 400
Net normal operation capacity (kW) 286 333
Summer design ambient (°F) 105 105
Full economization threshold (°F) 61.3 65.4
Peak critical mechanical pPUE 1.452 1.397
Est. annual normal operation pPUE 1.113 1.074
Predicted annual ton-hours DX 19.7% 10.6%
Predicted annual ton-hours Econ 80.3% 89.4%

San Jose - SAT / RAT, With Evap Ass't

70°F/90°F 75°F/ 100°F

N =5, N+1 redundancy 6 units 6 units
Net system critical capacity (kW) 400 400
Net normal operation capacity (kW) 333 333
Summer design ambient (°F) 105 105
Est. full eco. threshold (°F DB/ MCWB) | 65.0/56.7 77.0/62.3
Peak critical mechanical pPUE 1.422 1.314
Est. annual normal operation pPUE 1.098 1.052
Predicted annual ton-hours DX 14.5% 2.1%
Predicted annual ton-hours Econ 85.5% 97.9%
Predicted annual water used (1K gal)* 1,807 1,157
Total max water usage rate (1K GPH)* 1.53 1.61

*Includes evaporation and bleed @ 5 cycles of concentration




Reference Graph

Ton-hours per bin temperature graph: Munters SyCool thermosyphon refrigerant economizer capture
efficiency (yellow) compared with perfect — 100% economization/year (green) and integrated pumped
refrigerant economizer (red), based on San Jose, 75°F SAT / 95°F RAT, 80% load, no evaporative assist.
Pumped refrigerant data: https://www.vertiv.com/en-us/support/tools-applications/free-cooling-

economizer-calculator/, Model DA 150

Additional Comments

Economizer Definitions

The current 140.9(a) differentiates and provides separate and different full economizing thresholds for
“air economizing” , 55°F dry-bulb and 50°F wet-bulb and below, and “water economizing”, 40°F dry-bulb
and 35°F wet-bulb and below.

We recommend describing the several variations of each overall categories of air economizing, water
economizing, and refrigerant economizing to include:

Air Economizer

An air economizer is the use of ambient outdoor air to provide or assist computer room cooling,
either directly through introduction of ambient outdoor air to the computer room or indirectly
through an air-to-air heat exchange, when conditions allow to maintain process design
conditions at lowest operating cost.


https://www.vertiv.com/en-us/support/tools-applications/free-cooling-economizer-calculator/
https://www.vertiv.com/en-us/support/tools-applications/free-cooling-economizer-calculator/

Water Economizer

A water economizer is the use of ambient outdoor air to provide or assist computer room
cooling, indirectly through an air-to-water heat exchange, when conditions allow to maintain
process design conditions at lowest operating cost.

Refrigerant Economizer

A refrigerant economizer is the use of ambient outdoor air to provide or assist computer room
cooling, indirectly through an air-to-refrigerant heat exchange driving refrigerant phase change,
passively without electro-mechanical compression, due to relatively warm air passing over an
evaporator and relatively cool air passing over an associated connected condenser, when
conditions allow to maintain process design conditions at lowest operating cost.

Evaporative Cooling

Evaporative, a.k.a adiabatic, cooling uses water evaporation applied to both air and water
economizers to reduce or eliminate electro-mechanical cooling, i.e. compressorized
refrigeration via a direct expansion (DX) circuit internal to the system or indirectly from a chilled
water plant.

Economizer Strateqy

Economizer strategy is determined by many factors including building size, use, form factor, location,
ambient design conditions, process design conditions, electrical utility cost, water utility cost, water
availability, waste water rejection availability, routine maintenance and emergency service availability,
etc.

As seen below, there are many variations and combinations of air, water, and evaporative economizers
applied to air handlers and chillers.

Air Economizer



typically requiring additional full load electro-mechanical cooling for extreme summer
ambient design conditions*.

Direct Evaporative Economizer- This type of direct economizer uses water for adiabatic
cooling of the outdoor airstream in order to reduce or eliminate the need for additional
electro-mechanical cooling.






Water Cooled Chiller

Water cooled chillers utilize remote evaporative cooling towers to cool refrigerant process condenser
water. The base process does not provide economization. Economizer strategies for water cooled
chillers are equivalent to air cooled chillers, e.g. the evaporative cooling tower can be used as an
economizer with bypass and heat exchange.

The list of economizer strategies presented above does not necessarily represent all variations of
economization in computer rooms but is an attempt to clarify the differences between the most
recognized forms of computer room economization.

Part Load Operation

Computer room cooling equipment is selected for two operational states:



>/
Munters Corporation, AirTech M M u nte rs
Phone +1 800 843 5360 / E-mail datacenters@munters.com / munters.com -’



PN

Gas Line Connections (two) Liquid Line Connections (two)

Power Panel

Control Panels

Supply air to the
data hall

Partition between the return
and supply of the evaporator

Hot aisle containment
return plenum

*Hot aisle containment
system not shown




CONTROL
PANEL

/

Installation Notes:

Two 4 gas lines and two 2 liquid lines are required per 400 kW system.

2. Refrigerant grade clean type L ACR copper pipe (cleaned and capped)
between SyCool 400 kW Condenser and Evaporator.

3. Copper lines may be connected using Victaulic type ttings, or they may be
brazed with nitrogen purge.

4. Connecting copper lines not to exceed 500 equivalent feet per run (see
installation manual for speci ¢ tting losses).

5. All connecting lines require contractor install of minimum 1/2 insulation or
equivalent heat gain/loss prevention using insulated chases.

6. All connecting lines shall be leak tested at 250 PSIG, and vacuum tested to
below 500 microns prior to charging process.

Contractor to evacuate and charge each 400 kW system.

Each 400 kW system contains two thermosyphon circuits. Each circuit typically
requires 300-420 Ibs. R-134A refrigerant. (Refrigerant by contractor. Munters
to verify exact charge based on vertical and horizontal piping distance. Long
piping runs exceeding 200ft require more refrigerant.)

9. Do not add oil to the refrigerant charge. Thermosyphon circuits do not require
lubrication.

10. Thermosyphon piping does not require any traps.

Gas Line Connections (two)

Liquid Line Connections (two)
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Full Economizer Mode

Refrigerant gas is condensed by drawing
ambient air, 67 F or cooler over the
passive condensers (based on operating
conditions shown). The condenser fans
ramp up to a maximum speed at the
point ambient temperature can no longer
support the full economizer mode. At this
speed, the condenser and supply fans
consume *48 kW of energy.

Transition Mode

Between 67 and 95 F ambient,
refrigerant gas is condensed by drawing
ambient air over the passive condensers
and by active condensers contained
within the thermosyphon refrigerant
circuits. The active condensers reject
heat to an integrated compressor based
DX system. Power consumed by
condenser fans, supply fans, and
compressors at the upper end of this
transition is approximately *128 kW.

Full DX Mode

Above 95 F ambient, refrigerant gas is
condensed by active condensers.
Maximum energy for all fans and
compressors is approximately *170 kW.

@, Passive Condenser
Active Condenser Typ.

* Peak power in mode shown

SyCool Condenser

Active Condenser Typ. Passive Condenser
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Gas Line Up

95°F 75°F

Full Economizer Mode

FromEServer To White Space 67°F and cooler ambient
xhaust

SyCool Evaporator

SyCool Condenser

Active Condenser Typ. Passive Condenser
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Transition Mode
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Gas Line Up
95°F 75°F
Full DX Mode
From Server Ambient greater than 95°F

Exhaust To White Space

SyCool Evaporator



Economizer Capture E ciency
demonstrates economizer cooling
achieved relative to maximum available,
providing a means to compare the
annual economizing potential of various
cooling systems. As shown in the chart on
right, SyCool technology captures close
to 90% of the available free cooling for
the cities shown. Maximizing free cooling
helps to minimize the mechanical PUE of
the cooling system. This characteristic
combined with low fan energy, results in
SyCool consuming about 50% of the
annual cooling energy of the primary
competing waterless technology.

No Water

SyCool is a completely dry heat
exchanger process that works against
ambient temperature. Additionally, the
piping system and heat exchange
process works exclusively with
refrigerant avoiding water in or around
the white space completely. No worries
with water leaks, corrosion, or freezing.

Multi-Story Compatible

SyCool Split is designed for up to 500’
of equivalent straight pipe length
between the Evaporator and
Condenser, solving the design challenge
of achieving high e ciency cooling with
multiple-story data centers.

9,000,000
8,000,000

Annual Ton Hours Free Cooling

Manassas

3.6 MW Critical Load; N+1 Operation
95 F Return Air Temperature
75 F Supply Air Temperature

Scalable Blocks of Capacity

SyCool 400 kW Condensers coupled
with 400 kW Evaporators 0 ers plug
and play building blocks and ease of
redundancy.

Complete Factory Controls

SyCool systems are provided with
microprocessor controls for all
operational and monitoring functions
including BMS communication and
optional multi-unit data hall control

High Density Applications

SyCool Evaporator systems installed
side-by-side along both sides of the
white space perimeter can achieve over

7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
2,000,000
1,000,000
= «
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[ rerfect [l SyCool [T Alternate Competing System

56 kW of cooling capacity per lineal
foot of wall. This cooling capacity can
accommodate densities of over 400
watts per square foot, depending on
operating parameters. SyCool
Evaporator units ood the room with
low exit velocity air, helping ensure all
servers receive the cooling required.

Reliable

The SyCool active DX elements are
close-coupled and factory piped and
charged, increasing system reliability.
The thermosyphon system is very simple
requiring no valves or pumps to operate.

& Munters
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Munters History of Innovation

Munters has been an industry leading
innovator of climate control products
since 1955. Desiccant dehumidi cation,
direct and indirect evaporative cooling,
and air-to-air heat exchangers are a fe
technology areas where Munters is
recognized as a leader. Our history
combining areas of core competency
within packaged systems to meet
customer needs is without equal in the
industry. Driven by customer demand t
reduce energy consumption, Munters t
extensively applied its deep knowledge
of direct/indirect evaporative cooling
and air-to-air heat exchangers to provi
products that e ciently reject heat from
data centers.

Data Center Cooling Technology

When choosing a Munters cooling with direct evaporative cooling active Closed loop cooling may also
solution there are a variety of during warm ambient periods. These incorporate the bene t of air-side
considerations, including past experierg@a centers operate with an expandeeconomization using an air-to-air heat
ambient design conditions, space temperature and humidity envelope. exchanger. Ambient air (scavenger air)
operating envelope, water availability, Other customers require more precise is drawn through one side of the heat
and a balance between e ciency, cost space control and are more sensitive texchanger while the hot return air from
and reliability. Some large hyperscalerambient pollution and humidity extreméise data hall (process air) passes over
utilize direct air-side economizers, usuadiguiring a closed loop cooling solutiorthe opposite side of the heat exchanger.

Munters IASE cooling systems utilize heat exchangers that have negligible air leakage and no
moisture transfer between process and scavenger air. For our wet solutions, we utilize a corrosion
resistant heat exchange surface that manages scale and provides positive water containment.

2 Data Centers



Cooler scavenger air extracts heat froraonditions) to reject data center heat t@achieves up to 70% or better heat
the process air, but the two air streamsambient air without the introduction of transfer e ectiveness either dry (approach
are completely separate. outdoor air into the data hall. to DB) or wet (approach to WB).

Munters provides solutions for both  Dry solutions cool the process air With our indirect solutions, we can
direct and indirect economizer optionstoward ambient dry-bulb (DB) temperatofien satisfy data center cooling demands
For indirect economizers, we utilize a while the wet (indirect evaporative with no mechanical refrigeration
variety of heat exchange technologies cooling) solutions cool the process air deployed for most annual operating

that work either exclusively dry or withtowards ambient wet-bulb (WB) hours. In some cases, usually in dry and
a combination of dry (during cooler  temperature. The approach of process cooler climates, our wet heat exchanger
ambient conditions) and wet air to ambient conditions is a measure gblutions can eliminate the need for DX

(evaporatively, during warmer ambientexchanger e ectiveness. Munters typicaboling completely.

Indirect Air-Side Economizer

The concept of IASE was used in the
Condenser IASE AHU ‘ : I 8 I : I mid 70’s with heat exchangers used to
Coil . . .
Exhaust / | cool large DC motors operating in dirty

Air

<=

'Process A Containment coal mines. In the 90’s, IASE’s were

@ t t t used to cool remote mounted electrical
Fan Fan enclosures for telecom. By 2007, data

center cooling was considered as
process air cooling, making the IASE
= concept a simple and viable energy
Outdoor | : e cient solution.
Scavenger Ail
/ \  HeatExchanger \ \ Servers
Filter Optional Filter Evaporator
Evaporative Coil
Cooling Media
IASE Mechanical PUE vs. Supply Air Temperature
1350 Both dry and wet IASE cooling
Dr
£ 1300 approaches o er excellent

performance with annualized pPUE’s
in the 1.1-1.3 range depending on
location and operating temperatures.
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Wet or Dry Packaged Solutions - 100 to 600

Wet: Polymer Tube Heat Exchanger with Indirect Evaporative Cooling’YOasis

BENEFITS

» 70-80% approach to ambient wet bulb for maximum “economizer cooling”
» Reduce or eliminate mechanical cooling - peak PUE typically 1.25 or lower
 Positively contains water to the scavenger side of heat exchanger

e Polymer tubes ex during operation, shedding scale that forms during the
evaporative process

» Polymer and stainless steel heat exchanger construction minimizes corrosion
and helps manage scale formation

» Typically operates dry below 50°F reducing annual water consumption and
eliminating freeze issues

Dry: Aluminum Plate or Heat Pipe Heat Exchanger with Sensible only Heat Transfer

BENEFITS

» Waterless technology

» 50-70% approach to ambient dry bulb for maximum “economizer cooling”
* No moving parts for maximum reliability and minimum maintenance

* Minimum Itration required for scavenger air (large HX plate spacing
allows small particles to pass through)

e Economizer savings available when ambient temperature is less than data
center hot air return

Mounting Con gurations

PERIMETER MOUNT CONFIGURATIONS

Include supply and return air ducts on the same end. Typically, either a bottom
plenum (shown) or top plenum routes air to or from the data center. Units can be
grouped side by side to optimize layout.

ROOF MOUNT CONFIGURATIONS

Units can be installed on steel dunnage or roof curbs. Curb mounted versions
can include a base-frame that is designed to self ash over the roof curb for ease
of installation. Utilities can be routed from below or above the roof line through
factory provided chases and penetrations. Munters’ standard all welded stainless
steel oor includes an upturn ange around all openings and unit perimeter to
minimize the risk of water intrusion.

4 Data Centers



Dry Split Solution - 400 kW Capacity

Thermosyphon Heat Exchanger (SyC&allit)

Thermosyphon heat exchangers move
heat from the data center to ambient

through the evaporation of liquid SyCool Heat
refrigerant in the SyCool CRAH, and Rejection Condensers
condensing of the same refrigerant in /

the SyCool condenser. The CRAH is
connected to the condenser with
refrigerant piping allowing up to'175
of low pressure thermosyphon refriger:
piping. Heat is exchanged passively fo
“free cooling” of the data center when
ambient conditions are favorable.

A simpli ed version of the system is
schematically shown below right.

BENEFITS

* Split system eliminates duct /
penetrations through the building SyCool Heat
envelope Absorbing CRAH Units

* No water consumption

* Typical operation with up to 70%
approach to ambient temperature for

best in class free cooling Dry Split Heat Recovery — Thermosyphon Heat Exchanger

* Transitions to full DX only as ambient Heat Exhausted

to Ambient

temperature approaches the hot air -

~ SyCool Condenser
temperature from the servers e

e Low peak power

« Thermosyphon piping is low pressure DX Condenser {
allowing time saving mechanical 5 g .
. .. . i c by o
pipe joining systems such as Victaulic S 3 3
to be Used Passive Condenser E’ g: g

Ambient

e CRAH units can be installed side- v Scavenger Air
by-side allowing maximum air ow %
O—V— 4" Thermosyphon Hot Air From Servers

Gas Line

required by higher density installations

2" Thermosyphon
Liquid Return

-

Servers

O—
v

Evaporator

<

SyCool CRAH
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Make-up Air Systems

Munters manufactures make-up air systems that include variable air ow, e cien
Itration, humidi cation, and dehumidi cation capabilities, either stand-alone or
integrated with cooling units.

Direct Evaporative Air-Handling System

Munters DASE (Direct Air-Side Economizer)

Munters manufactures complete direct air-side economizing air-handling systems
that utilize direct evaporative media for cooling data centers. These systems are
usually installed in dry or mild climates with clean ambient air. During cooler amb
conditions, outdoor air is mixed with warm return air to achieve the desired suppl
condition. During such conditions, it is possible to use the evaporative media to
provide the required humidi cation. During warm ambient conditions, these systel
deliver 100% outdoor air to the data hall, cooled by the evaporative media, and a
hot air from the servers is exhausted.

Cooling and Humidi cation Products

GLASdeR IV GX40
Munters-AG"Evaporative Munters patented MRM Munters Humiméiis Munters Evaporative Media
Humidi er/Cooler is was invented to conserve  a series of stand-alone .
available in a wide variety ~ water. Mineral Removal humidi ers. Units are GLASdek VFire Rated
of sizes and is designed to  Media (MRM) is a available in (2) two di erent (UL900), optional 1/2

TUFedg coating, available
4" 6" ,8", 12", 18" deep,
GREENGUARD Gold

provide easier maintenance. disposable evaporative pad, sizes for space or plenum
installed upstream of the mounting.
primary evaporative process.

Bleed water is piped to the Certi ed

MRM where it evaporates GX40: More resistant to high
into the airstream, providing and low pH levels, excellent
bene cial cooling. Systems re resistance, available
using MRM have nearly zero media depth 8" only, suitable
waste water sent to sewer. for higher face velocity

6 Data Centers requirements up to 800 ft/m.



Project Management & Service

“Munters takes a project based approach to managing data center accounts.

A customer-focused project team, consisting of a Project Manager, Application
Engineers, and Service Specialists, oversees each project. All members of the
project team are experts with Munters equipment in data center applications
and are committed to project success from conception to completion. Our team
is focused on understanding our customer’s perspective in order to provide the
highest quality support while adhering to Munters’ core values.”

— Michael Gantert, President - Data Centers

Project Management

A dedicated Project Manager (PM) is assigned to every data center project and
serves as a single point of contact responsible for project delivery to our custome

» Provides project speci ¢ schedule for customers to track manufacturing progres
and plan factory visits, testing, and equipment delivery.

 Acts as customer liaison to Munters Engineering, Production, Quality, and Serv
to ensure project success.

* Creates project speci ¢ documentation including Factory Acceptance Test (FAT
scripts, rigging and installation instructions, IOM’s, Start-up checklists, and trair
plans (if necessary).

» Oversees the implementation of project eld activities including equipment deliv
and installation, levels 3/4/5 testing, training, and warranty work.

Service

The Munters Service Team consists of 75+ personnel, including a dedicated tear
technical support, parts specialists, service sales, and eld technicians to support
data center projects.

 Project eld support options include delivery/installation supervision, level 3
Start-up (required), level 4 commissioning support, level 5 Integrated Systems
Testing (IST) support, and on-site training.

* Preventative maintenance options include extended warranties, routine
maintenance and inspections, technical support with remote monitoring, retro ts
and critical spare parts packages.

 24/7/365 technical support helpline available.

Data Centers 7



Munters is a global leader in energy e cient
and sustainable air treatment solutions.

Using innovative technologies, Munters creates the perfect climate
for demanding industrial applications and has been de ning the
future of air treatment since 1955. Today, around 3,600 employees
carry out manufacturing and sales in more than 30 countries.
Munters has annual net sales of above SEK 7,2 billion and is listed
on Nasdaq Stockholm.

For more information, please visit www.munters.com.

www.linkedin.com/company/munters
Munters manufacturing facility
in Buena Vista, VA

AustraliaPhone +61 2 8843 1588, dh.info@munters.com.au ARkomne +43 1 6164298-0, luftentfeuchtung@munters.at BRRHgher+32 1528
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